Abstract One year crossectional survey was carried out to determine and describe the prevalence and intensity of gastrointestinal parasite infections in hangul (Cervus elaphus hanglu) in Dachigam National Park of Kashmir through faecal examinations. Out of 153 faecal samples examined, 82 (53.59 %) were found infected with GIT helminthes. In present study seven helminth species were found, including five nematode [Haemonchus contortus (55.39 %), Trichuris ovis (39.75 %), Dictyocaulus viviparus (28.4.00 %), Oesophogostomum circumcincta (13.7 %) and Chabertia ovina (4.02 %)] one trematode [Fasciola hepatica (17.3 %)] and one cestode species [Moneizia expansa (6.05 %)]. Based on the severity of infection 81.7 % of hangul positive samples were severely infected (epg [ 1,500), 8.3 % heavily infected (epg = 1,100-1,500), 3.8 % moderately infected (epg = 800-1,000) and 7.2 % mildly infected (epg = 500). Season, sex and age were the factors that influenced the epidemiological prevalence of GIT helminths in hangul in the present study. The maximum helminth infection was observed in summer season and lowest in winter (P = 0.003). Lower age groups were more infected than adult animals (P [ 0.05). Prevalence was higher in males than females (P [ 0.05). The present study will initially be of great significance to add to existing knowledge of the epidemiology of GIT helminth of hangul which is the pioneering study on this animal in the valley and the findings will be quite helpful to devise the appropriate control and prophylactic strategies for GIT helminthiasis of hangul in the Dachigam national park.
Introduction
Hangul, Kashmiri stag being the state animal is a subspecies of European Red deer. Although more than 150 species of deer are recognized globally, Hangul is the only surviving race of the Red deer family of Europe in the subcontinent as the Shou (Cervus elaphus Wallichi) of Bhutan is now considered extinct. Large forest cover has been lost because of anthropogenic disturbance and continues to decline at a rate of 0.7 % annually ( [FAO] Food and Agriculture Organization 1999) resultant habitat loss of hangul is endangered.
Although parasite infections are common in nature and low intensity infections are often asymptomatic (Anderson and May 1979) , anthropogenic change may result in a loss of stability associated with altered transmission rates, host range, and virulence (Patz et al. 2000) . Within this context, baseline data on patterns of parasitic infections in wild deer populations are critical to provide an index of population health and to begin to assess and manage disease risks. Wildlife was found to be susceptible to gastrointestinal parasites of livestock. In wild animals which are kept in captivity or live in limited spaces, because of overcrowding, the chances of parasitic infections are usually high (Halvorsen 1986) .
Although many studies have documented the gastrointestinal parasites of ruminants of Kashmir (Dhar et al. 1982; Lone et al. 2012; Tariq et al. 2008a, b, c) but the gastrointestinal parasites of other Kashmiri wild taxa remain poorly discovered. The present study identifies and quantifies the gastrointestinal helminth parasites for the Hangul, Kashmiri stag (C. elaphus hanglu).
Materials and methods
One year crossectional faecal survey was carried out from January 2010 to December 2010, on hangul. A total of 153 fecal samples were examined from free-ranging hangul at forested sites in Dachigam National Park located 22 km from Srinagar, Jammu and Kashmir (Dachigam ranging from 5,500 to 14,000 ft above mean sea level, 141 km 2 in area and 34°8 0 14 00 N 75°2 0 16 00 E) The monthly collection of the samples from various feeding sites of the Dachigam National park was carried out in order to ensure the seasonal prevalence from both the sexes.
Study area
Kashmir valley is a beautiful part of the temperate Himalayan region, which is an important agro climatic region of India. It lies between 33°-20 0 and 34°-54 0 North latitude and 73°-55 0 and 75°-35 0 East longitude covering an area of 15,948 sq. km. Topographically, it is a deep elliptical bowl shaped valley bounded by lofty mountains of the Pir Panjal range in the south and south west and the Great Himalayan range in the north and east, with 64 % of the area being mountainous (Fig. 1) (Dar et al. 2002) . Forages and grasses are the major source of feed for hangul sustenance in this national park. These are produced on pastures, meadows and on open lands of the park. Hangul graze throughout the year except winter when the whole park is covered with snow, feed consisting of dry salix leaves, dry grasses, and other dried plants.
Climate
The climate is a typical warm temperate. The temperature ranges from an average daily maximum of 30°C and minimum of 15°C in June-July to an average daily maximum of 4°C and minimum of 29°C in January. The absolute humidity ranges from 50 to 80 % throughout the year and drops to about 55 % at night during the winter and 64 % during the summer. The whole valley is covered with snow in winter. On the basis of temperature and precipitation, four seasons in a year recognized in Kashmir valley are: winter (December-February); spring (March-May); summer (June-August); autumn (September-November) (Dar et al. 2002) . The occurrence of helminthiasis in an area is influenced by a multifactorial system which comprises hosts, parasite and environmental effects (Lone et al. 2011) (Fig. 2) .
Faecal examination
Samples were collected immediately after defecation to avoid contamination and examined macroscopically for (Sloss et al. 1994; Urquhart et al. 1996) . Parasites were identified on the basis of egg color, shape, contents, and size (Soulsby 1982) . Levels of worm infection were extrapolated from infection severity index defined by Soulsby (1982) where hangul were said to have mild, moderate, heavy and severe nematode infestation if their fecal egg counts are less than 500, 800-1,000, 1,100-1,500 and more than 1,500, respectively.
Faecal cultures were done for samples with total mean egg counts of greater than 10,000. Coprocultures were used to match parasite eggs to larvae for positive identification of nematodes ( [MAFF] Ministry of Agriculture Fisheries and Food 1979). Our ability to identify most parasite species from host fecal examination, even with cultured larvae, is limited. Consequently, we present the majority of our findings at the level of family or genus.
Data analysis
Percentages with their respective mean ± SEM (standard error of the mean) and 95 % confidence intervals were employed to calculate the prevalence of helminth parasites. Chisquare test was employed to measure association between the parasitism and season, age and sex. Eggs were estimated as number of eggs per gram of faeces with their respective median and percentile. The data was analyzed using Statistical packages MINITAB software version 13.2 (Minitab 2002) and SPSS-17 for windows. In all the analysis, confidence level was held at 95 % and P \ 0.05 for significance.
Results and discussion
Overall prevalence An epidemiological investigation on GIT helmiths was conducted among naturally infected hangul from the Dachigam national park in in Kashmir valley. This endeavour revealed a spectrum of GIT helminth in naturally infected hangul in Kashmir valley. The parasites in decreasing order of prevalence (%) were Haemonchus contortus (55.39 %), Trichuris ovis (39.75 %), Dictyocaulus viviparus (28.4.00 %), Fasciola hepatica (17.3 %), Oesophogostomum circumcincta (13.7 %), Moneizia expansa (6.05 %) and Chabertia ovina (4.02 %) and their epg (eggs per gram) of faeces were shown in Fig. 3 . Mixed infections were detected in 54.8 % of the hangul. Based on the severity index defined by Soulsby (1982) , 81.7 % of hangul sampled were severely infected, 8.3 % heavily infected, 3.8 % moderately infected and 7.2 % mildly infected. The maintenance of high infection rate of parasitic helminths in the park might be associated with lack of any parasitic helminths intervention program and the management system in the national park where many small ruminants were allowed to graze together on small plots of land throughout the year which facilitates contamination of grazing grounds.
Out of 153 faecal samples examined, 82 (53.59 %) were found infected with GIT helminths. The overall intensity of infection was very low as was obvious from the low/ moderate faecal egg counts in different seasons. A great variation in temperature occurs and a grazing break during winter season disrupts the continuous cycle of infection Prevalence of helminth parasites recorded in the current study was lower than that reported earlier (81.17 %) by Pandit et al. (2003) and (61.64 %) Tariq et al. (2008a) in small ruminants of Kashmir. (Nashiruddullah et al. 2005 (Nashiruddullah et al. , 2007 also observed the D. viviparous from the lungs of hangul they also described histopathological lesions in natural infection of D. viviparus in Kashmiri stag or hangul (C. elaphus hangalu). H. contortus the tropical and subtropical parasite was found to be highly prevalent in Kashmir valley--the temperate climatic zone of Indian subcontinent. The increase in temperature due to global climatic alterations can be one of the possible factors behind their occurrence in this temperate climatic zone. Earlier, Dhar et al. (1982) recovered H. contortus, T. axei, T. colubriformis, B. trigonocephalum, C. ovina, N. spathiger, Skrjabinema ovis and T. ovis from sheep in Kashmir. Tavassoli et al. (2010) repoted rate of infection for Strongylid, Marshalagia, Trichuris eggs, and lung worm larvae as 8 (19.5 %), 12 (29.5 %), 17 (41.5 %) and 14 (34.1 %), respectively in wild sheep of Iran.
Influence of seasons on the prevalence of helminth parasites
The data pooled for seasonal estimation of helminth infection revealed definite seasonal patterns of infection in hangul over the period of one year with highest infection in summer and lowest in winter (Table 1) . The faecal egg counts were affected by months of the year and were quite variable in different seasons with significant differences (P = 0.03). Pearson's correlation coefficient (r = ? 0.947) calculated between different seasons with helminth infection revealed definite season wise association towards infection as the value always approached ?1.
The highest prevalence (84.21 %) and high faecal egg counts (1858.3 ± 298.15 %) were found in summer season. From December onwards till January there was a great reduction in faecal egg counts. The low infection reported in the winter season could be attributed to complete absence of grazing in winter and also important is low temperature which helps in hypobiosis of nematodes in host and unavailability of intermediate hosts (Ogunsuri and Eysker 1979; Gibbs 1986 ). The observations are in agreement with earlier workers (Vlasoff et al. 2001; Shahadat et al. 2003; Tariq et al. 2008c; Lone et al. 2012 ) who reported low winter prevalence of GIT helminths in other ruminants. The presence of sufficient moisture and optimum temperature conditions during the rainy seasons (spring and summer) favoured the survival of infective larvae in the pasture and higher probability of uptake of the infective larvae leading to higher prevalence rate in the summer season. In line with this seasonal trend are the observations of various authors (Vlasoff et al. 2001; Khajuria and Kapoor 2003; Lateef et al. 2005; Tariq et al., 2008c) . The present observations suggest that grazing animals are prone to get high level of GIT helminth infection during the rainy months and soon after. The subsequent infection has detrimental effect on the hosts because of the poor nutritional status of the animals in snowy winter season. Thus, climatic conditions have a great role to play in the onset of helminthic infections in hangul. It is, therefore, important to work further on this important issue. Influence of sex on the prevalence of helminth parasites Sex wise investigation was found to be of no significant influence on the prevalence of helminthosis in hangul, however, small sample size precluded comparisons of prevalence ( Table 2 ). The males were slightly more infected with nematodes than females; however the observations were not statistically significant (P = 0.82) but Pearson's coefficient was (r = ? 0.999) between infected male and female was almost ?1. The influence of sex on the susceptibility of animals to infections could be attributed to genetic predisposition and differential susceptibility owing to hormonal effects. The present gender wise observations are in agreement with Gulland and Fox (1992) who reported prevalence of nematode infection of sheep higher (P \ 0.05) in rams than in ewes. Although no difference in prevalence of infection was apparent between male and female hangul for shared parasite species.
Influence of age on the prevalence of helminth parasites Age wise epidemiological observations revealed highest prevalence in lower age groups of hangul (Table 2) . Gastrointestinal helminth eggs were found in 75 % of the fawns, and 49.61 % of the adult hangul. The mean egg counts per gram of faeces in fawns, and adult hangul were 1892. 6 ± 182.40 [1709.6-2074.4] and 1341.8 ± 86.80 [1,255-1428.6] respectively. With the increase in age the infection level decreased (P [ 0.05). The lower age groups of animals found to be infected more is because of the low resistance in young animals. The low level of parasitism reported in adult animals is due to the development of significant immunity, which is initially low but increases with the intensity and duration of exposure of infection. Age is an important factor in the onset of infection in host body. Age was found to have a significant influence on the level of risk of helminth infections in hangul with high prevalence in young hangul than adults (Magona and Musisi, 2002) . Our observations are also in accordance with the findings of other authors who have worked on other ruminants (Vlasoff et al. 2001; Vanimisetti et al. 2004; Lateef et al. 2005) . This may reflect energy and nutrient stress associated with producing and raising infants, which may result in an increased susceptibility to infection (Gulland and Fox 1992) . It was noticeable that all helminth parasites encountered during this survey were also found in other ruminants despite the habitat diversity and extensive range and grazing area. However, all being ungulates are sharing the same grazing and watering sites, particularly during the summer season; this might predispose wildlife to infestation with all these parasites and explain their high susceptibility to these parasites. However, experimental studies with the hangul cannot be simulated owing to the highly endangered and scheduled status and elusive nature of the hangul in the wild.
In conclusion, the present study indicated that quantitative FEC's are indispensable for monitoring levels of parasitic infestations and pinpointing problem herds. The nematode species recorded in this study are known to be of pathogenic importance. Our study contributes baseline data on the patterns of parasitic infection in wild hangul, providing a first step toward an index of population health and disease risk assessment for conservation and management plans of threatened hangul populations. The helminth fauna of hangul was similar to other ruminants their access to the national park should be checked to prevent pasture contamination. Gastrointestinal parasite classification by fecal analysis is weak by its very nature. However, it is the only responsible method to approach threatened species. Future studies using molecular analysis and opportunistic necropsies are needed to improve our classification of the gastrointestinal parasites of hangul, as well as to improve 86.80 (1255-1428.6) our understanding of the risks of epizootic and zoonotic transmission.
